H erpes zoster is caused by a reactivation of latent varicella-zoster virus residing in sensory ganglia after an earlier episode of varicella.
Patients with herpes zoster experience more substantial role limitations resulting from emotional and physical problems than do patients with congestive heart failure or diabetes. 3 Pain scores for postherpetic neuralgia have been shown to be as high as those for chronic pain from osteoarthritis and rheumatoid arthritis. 3 Although aging is the most well-known risk factor for herpes zoster, people with diseases associated with impaired immunity, such as malignancy, HIV infection, diabetes and rheumatic diseases, are also at higher risk for herpes zoster. 4, 5 Chronic obstructive pulmonary disease (COPD) is characterized by progressive airflow limitation that is associated with an abnormal inflammatory response by the small airways and alveoli to inhaled particles and pollutants. 6 Disruption of local defence systems (e.g., damage to the innate immune system, impaired mucociliary clearance) predispose patients with COPD to respiratory tract infections. Each infection can cause exacerbation of COPD and further deterioration of lung function, which in turn increase predisposition to infection. 7, 8 There is increasing evidence that COPD is an autoimmune disease, with chronic systemic inflammation involving more than just the airways and lungs. 6 Given that various immune-mediated diseases (e.g., rheumatoid arthritis, inflammatory bowel disease) have been reported to be associated with an increased risk of herpes zoster, 4, 9, 10 it is reasonable to hypothesize that the immune dysregulation found in COPD may put patients at higher risk of developing herpes zoster. In addition, inhaled or systemic corticosteroids used for management of Research CMAJ Background: Systemic inflammation and dysregulated immune function in chronic obstructive pulmonary disease (COPD) is hypothesized to predispose patients to development of herpes zoster. However, the risk of herpes zoster among patients with COPD is undocumented. We therefore aimed to investigate the risk of herpes zoster among patients with COPD.
Methods:
We conducted a cohort study using data from the Taiwan Longitudinal Health Insurance Database. We performed Cox regressions to compare the hazard ratio (HR) of herpes zoster in the COPD cohort and in an age-and sex-matched comparison cohort. We divided the patients with COPD into three groups according to use of steroid medications and performed a further analysis to examine the risk of herpes zoster.
Results:
The study included 8486 patients with COPD and 33 944 matched control patients. After adjustment for potential confounding factors, patients with COPD were more likely to have incidents of herpes zoster (adjusted HR 1.68, 95% confidence interval [CI] 1.45-1.95). When compared with the comparison cohort, the adjusted HR of herpes zoster was 1.67 (95% CI 1.43-1.96) for patients with COPD not taking steroid medications. The adjusted HR of herpes zoster was slightly greater for patients with COPD using inhaled corticosteroids only (adjusted HR 2.09, 95% CI 1.38-3.16) and was greatest for patients with COPD using oral steroids (adjusted HR 3.00, 95% CI 2.40-3.75).
Interpretation:
Patients with COPD were at increased risk of herpes zoster relative to the general population. The relative risk of herpes zoster was greatest for patients with COPD using oral steroids.
COPD can increase susceptibility to herpes zoster by suppressing normal immune function. 11 However, data are limited regarding the risk of herpes zoster among patients with COPD.
The goal of our study was to investigate whether patients with COPD have a higher incidence of herpes zoster than the general population. In addition, we aimed to examine the risk for herpes zoster with and without steroid therapy among patients with COPD relative to the general population.
Methods

Data source
This was a population-based cohort study. Data files in the National Health Insurance Research Database include all ambulatory claims, inpatient claims, details of ambulatory care and inpatient orders, and prescriptions dispensed at contracted pharmacies. The claims data are generally accurate; to date, more than 300 studies based on these data have been published in peer-reviewed journals. 12, 13 Because we used deidentified secondary data released to the public for research purposes, our study was exempt from full review by the Institutional Review Board after consultation with the Director of Taipei Medical University Institutional Review Board.
Study population
The study group of patients with COPD comprised all patients who had either received a diagnosis of COPD (codes 491, 492 and 496 of the International Classification of Diseases, 9th Revision, clinical modification [ICD-9-CM]) during two or more outpatient visits within 12 months or were admitted to hospital with a primary diagnosis of COPD between Jan. 1, 2004, and Dec. 31, 2005. Cohort entry was defined as the date when patients received their first eligible diagnosis. We included at entry only patients who were 50 years of age or older and had received respiratory medications for treatment of COPD, including inhaled and oral β 2 -agonists, anticholinergic agents, corticosteroids and theophylline, for more than one month.
Each patient with COPD was matched by age (50-59, 60-69 or ≥ 70 years), sex and year of cohort entry to four control patients from among the remaining patients in the database who had no diagnostic codes for COPD between 1996 and 2006. Because the National Health Insurance Program was started in 1995, we were able to track medical claims data only back to 1996. For the comparison cohort, the first medical claim during the matched year was assigned as the date of cohort entry. Patients who had HIV infection or who had received a diagnosis of herpes zoster before the date of cohort entry were excluded from both the study and comparison cohorts. All patients were followed from the date of cohort entry until they developed herpes zoster or until Dec. 31, 2006, whichever was earliest.
Covariables
Medication exposure was identified from the drug prescription database. Patients were considered users of inhaled or systemic corticosteroids if they had been dispensed any form of inhaled or systemic steroids for more than 60 days during the follow-up period.
Sociodemographic characteristics, including age, sex, place of residence, urbanization level and monthly income, were obtained for all patients. We stratified all communities in Taiwan into five levels based on prior study, with level one referring to the most urbanized communities and level five referring to the least urbanized. 14 Comorbid medical diseases that are well-known risk factors of herpes zoster, including malignancy (i.e., carcinoma, sarcoma, lymphoma and leukemia), rheumatic diseases (i.e., systemic lupus erythematosus, rheumatoid arthritis, Sjogren syndrome, scleroderma, dermatomyositis or polymyositis, and other connective tissue diseases) and diabetes, were identified from inpatient and outpatient diagnoses. 4, 5 Other medical conditions (e.g., myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, peptic ulcer disease, liver disease, hemiplegia or paraplegia, and renal disease) were incorporated into a modified version of the Charlson index. Because COPD was the condition being evaluated, and malignancy, rheumatic diseases and diabetes were treated as individual covariates, the latter three were not included. Each condition was assigned a weight, and weightings were summed to provide a total score.
Statistical analysis
We carried out χ 2 tests to explore differences in sociodemographic characteristics and comorbidities between the COPD and comparison cohorts. The Kaplan-Meier method was used to estimate the cumulative hazard rate of herpes zoster, and a log-rank test was used to examine differences between the survival curves. Cox proportional hazard models were performed to compare the hazard ratio (HR) of herpes zoster between the COPD and comparison cohorts after stratification by age group. We adjusted for potential confounding factors in the multivariate analysis; including diabetes, cancer, rheumatic diseases, use of inhaled or oral corticosteroids, Charlson comorbidity index, monthly income and urbanization level of the community in which the patient resided. Potential first-order interactions between COPD and these variables were investigated, and no significant interaction was found.
We performed a further analysis to examine the risk of herpes zoster with and without use of steroids among patients with COPD. A multivariable Cox proportional model was conducted to investigate the HRs for development of herpes zoster for patients in the COPD cohort not using steroids, for those using inhaled corticosteroids only and for those using oral steroids compared with the comparison cohort. For all analyses, investigative diagnostic log-log survival plots were used to confirm that the proportional hazards assumption was met.
Results
We identified 8486 patients with a diagnosis of COPD who matched the inclusion criteria, and 33 944 patients in the comparison cohort. The distributions of sociodemographic characteristics, comorbid medical disorders and steroid use for the COPD and comparison cohorts are shown in Table 1 . Compared with patients without COPD, patients with COPD were more likely to have rheumatic disease, to use inhaled or oral steroids, to have higher Charlson comorbidity index and lower monthly incomes and to live in less urbanized areas of Taiwan.
Of the total sample of 42 430 patients, 1080 had incident herpes zoster during the follow-up period. There were 321 cases of herpes zoster identified in the COPD cohort, with an incidence rate of 16.4 per 1000 person-years, and 759 cases of herpes zoster in the comparison cohort, with an incidence rate of 8.8 per 1000 person-years. Cox regression analysis showed that the crude HR of herpes zoster was 1.98 times greater for patients with COPD (95% confidence interval [CI] 1.73-2.26) than for the comparison cohort. The HR remained signifi- The results of the analysis, stratified by age of patients, are presented in Table 2 . In all age categories, patients with COPD had a significantly higher risk of herpes zoster compared with those without COPD. The adjusted HRs for herpes zoster were 1.85 (95% CI 1.27-2.70) in the 50-59 age group, 1.65 (95% CI 1.24-2.20) in the 60-69 age group and 1.68 (95% CI 1.38-2.04) in the group aged 70 years or older.
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The Kaplan-Meier survival curves for herpes zoster in the COPD and comparison groups over a three-year period are shown in Figure 1 . The log-rank test showed a significant difference in cumulative event rates between these two groups (p < 0.001).
The results of further analysis, in which the COPD cohort was divided into three groups according to use of steroids, are shown in Table 3 .
When compared with the comparison cohort, the adjusted HR of herpes zoster for patients with COPD not using steroids in any form was 1.67 (95% CI 1.43-1.96). The adjusted HR of herpes zoster was slightly greater for patients with COPD using inhaled cortico steroids only (adjusted HR 2.09, 95% CI 1.38-3.16) and was greatest for patients with COPD using oral steroids (adjusted HR 3.00, 95% CI 2.40-3.75).
Interpretation
Our cohort study showed that, after controlling for other herpes zoster risk factors, patients with COPD are at increased risk for herpes zoster compared with the general population. The risk of herpes zoster associated with COPD is greater among patients who use inhaled or oral corticosteroids therapy than among patients without corticosteroids therapy. Note: CI = confidence interval, COPD = chronic obstructive pulmonary disease, HR = hazard ratio. *Adjusted for sex, age (as a continuous variable), diabetes mellitus, rheumatic diseases, cancer, Charlson comorbidity index score, use of corticosteroids, monthly income, geographic region and urbanization level. In a recent retrospective study comparing 355 patients with COPD and 44 control patients, Patel and colleagues 16 found that self-reported history of herpes zoster was more common among patients with COPD than among control patients. However, a relatively small study sample and recall bias were major limitations of their study. Susceptibility to respiratory tract infections among patients with COPD has frequently been reported in the literature. 7 Our results suggest that patients may also be predisposed to development of herpes zoster by chronic inflammation and immune dysregulation in COPD. Systemic immune disturbances have been observed in patients with COPD. [17] [18] [19] For example, Prieto and colleagues 17 found that cytotoxic activity of peripheral blood natural killer cells and phagocytic activity of peripheral blood monocytes, macrophages and polymorphonuclear cells were significantly reduced in patients with COPD compared with healthy control patients. Systemic cell-mediated immunity has been found to be impaired in COPD and to be associated with acute respiratory tract infection among patients with COPD. 18 Further, recent data have shown that COPD and aging produce significant molecular similarities in immunologic alterations. 19 Immunosenescence in aging is a well-known risk factor for herpes zoster; 5 immune system changes in COPD may further render such patients more vulnerable to varicella-zoster virus reactivation than age-matched control patients. We found that risk for herpes zoster was increased among patients with COPD in all age groups. It is possible that the altered immunity in COPD causes similar effects in terms of reactivating varicellazoster virus across different age groups.
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The slightly higher HR of herpes zoster in patients with COPD using inhaled corticosteroids and the highest HR of herpes zoster among those using oral steroids may be related to the immunosuppressive effect of corticosteroids. Systemic steroids affect cellular immunity by inhibiting synthesis of inflammatory cytokines, reducing function of antigen-presenting cells, and suppressing T cell activation. 20, 21 Steroid-related immunosuppression can increase susceptibility to opportunistic and intracellular infections, such as herpes zoster. 22 Although oral corticosteroids have frequently been reported to be associated with the occurrence of herpes zoster, the link between inhaled corticosteroids and varicella-zoster virus reactivation is unclear. 4, 5 Although recent evidence suggests that inhaled corticosteroids suppress local immunity and increase the risk of pneumonia and pulmonary tuberculosis among patients with COPD, 23, 24 the impact of inhaled corticosteroids on systemic immunity remains controversial. 25 Abzug and Cotton 26 have reported severe varicella infection after use of intranasal corticosteroids, and Choong and colleagues 27 reported severe varicella infection after use of inhaled corticosteroids. Patel and colleagues also observed a higher rate of self-reported herpes zoster among patients with COPD using inhaled corticosteroids compared with those not using inhaled corticosteroids (15.1% v. 7.2%); however, the difference was not significant. 16 Our study suggests that inhaled corticosteroids may have potential for systemic absorption and may impair cellular immunity, but their immunosuppressive effect is not as great as that of systemic steroids.
Another possible explanation for our observation that the risk of herpes zoster was greater among patients using inhaled or oral corticosteroids relative to the general population is that the use of these medications often indicates more severe or unstable disease. It is possible that increased disease severity further contributed to the increased risk of herpes zoster associated with COPD.
Limitations
Our study has limitations. First, because almost all herpes zoster cases were diagnosed clinically without serologic or virologic confirmation, some non- zoster cases (e.g., herpes simplex) might have been misdiagnosed as herpes zoster. 28 Second, information about cigarette smoking and alcohol consumption was lacking in the administrative database; therefore, we could not adjust for effects of smoking and drinking on the risk of herpes zoster among patients with COPD, which may have left residual confounding. Third, data on death could not be obtained in the analysis. Given that mortality among study patients with COPD would be higher than in the comparison cohort; 29 it is possible that patients who did not become ill with herpes zoster attack and who died during the study period would be assumed alive and followed until the end of the study. This differential misclassification may have biased our results toward the null hypothesis. Finally, data indicating severity of COPD, such as forced expiratory volume in one second as a percentage of predicted normal values (FEV 1 % predicted), were not available in our study.
Conclusion
Our results suggest that COPD, like other inflammatory diseases (e.g., rheumatoid arthritis, inflammatory bowel disease) was associated with an increased risk of herpes zoster relative to that in the general population. The HR of herpes zoster was slightly greater for patients with COPD using inhaled corticosteroids and was greatest for patients with COPD using oral steroids. To prevent the substantial morbidity ensuing from this vexing disease, it is recommended that patients with COPD receive zoster vaccination 30 in addition to influenza and pneumococcal immunization.
